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(57) An AliMlgSi-alloy suitable for manufacturing 
components having a high ductility, characterised in that 
the alloy contains, in wL%: 



Mg 

Si 

Fe 

l^n 

V 

Cu 

Cr 

Zn 

Ti 



0.3 -1.0 
0.3 - 1.2 
max. 0.35 
> 0.15 -0.4 
0.05 - 0.20 
max. 0.3 
max. 0.2 
max. 0.2 
max. 0.1 



impurities max. 0.05 % each, total max. 0.15 % bal- 
ance aluminium 
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Descriptioii 

[00011 The invention relates to an AIMgSi-alloy suitable for manufacturing cortponents having a high ductility and to 
a method fbr the nnanufacture of such a new alumlraum alloy. 

5 [00021 Al-Mg-Si type aluminium alloys such as AA6xxx series aluminium alloys are widely used and favoured for their 
moderately high yield and tensile strength, low quench sensitivity, good corrosion resistance and favourable forming 
characteristics. AASxxx series alloys are increasingly attractive to industries such as transportation because of these 
well-known properties. Further AA6xxx series alloys exhibit in general satisfactory welding characteristics, by which this 
type of alloy is also widely used fbr applications resulting in tiie construction of welded structures. Additional applica- 

10 tions fbr AA6xxx series alloys would be possible when ductility is further increased. 

[00031 Such an aluminium alloy is known from the international patent application no. WO 97/44501 . The known alloy 
contains the alloying elements, in wt.%: 



40 



4S 



SI 0.4 - 0.8 

15 Mg 0.4 - 0.7 

Fe max. 0.30. and preferably 0. 1 8 - 0.25 

Cu imax. 0.20, and preferably 0.12 - 0.16 

Mn max. 0.15, and preferably 0.05 - 0.10 

V 0.05-0.20 

20 Cr max. 0.10, and preferably max. 0.01 

Ti max. 0.10 

Zn max. 0.10 

inevitable impurities and balance alurr^nium. 
25 [0004] An object of the invention is to provide a new alununium alloy suitable for tiie manufacture of a product made 
of oonponents having a higher ductility than manufactured from the krwwn alurrtnium alley, and further that the alumin- 
ium alloy has inproved weldng properties. A further object of the invention is to provide a method for the manufacture 
of a product made of the new aluminium alloy. 

[00061 According to the invention, there Is provided an aluminium alloy containing the alloying elements, in wt.%: 

30 



Si 


0.3 - 1.2 


Mg 


0.3-1.0 


Fe 


max. 0.35 


Mn 


> 0.15 -0.4 


35 V 


0.05-0.20 


Cu 


max. 0.3 


Cr 


max. 0.2 


Zn 


max. 0.2 


Ti 


max. 0.1 



impurities max. 0.05 % each, total max. 0.15 %. balance aluminium. 
[00061 In this way, it is achieved that tiie aluminium alloy has good sfrengtii. improved ductility, good resistance to cor- 
rosion and. in particular in the case of extruded producte. exhtolts a uniform surface, absence of die pick-up. good fon- 
gitudinal weld seams, and tiie possibility to extrude complicated shaped sections which can be both ttiin and/or thick 
walled and can be processed at economic extrusion rates. In particular the inaeased Mn content in the aluminium alloy 
in accordance with the invention attributes to an improved ductility and a better w^ing behaviour. Further the alumin- 
ium alloy has inproved properties after welding and is less sensitive fbr hot-cracking during wekJing and after extrusion 
and heat-treatments has a fine-grained recrystallized microstructure. And further the aluminium alloy has a lower 
quench-sensltivity tiian aluminium alloys from tiie AA6005 A-series type. 

[0007] In a preferred errbodiment the aluminium alloy in accordance witii the invention has a Mn content in a range 
of > 0.15 - 0.30 wt.%. In tiiis range an optimum in mechanical properties and extrudibility is obtained. 
[0008] The aluminium alloy in accordance witii the invention has preferably a Mn/Fe ratio in a range of 0.45 to 1 .0. 
and more preferably in a range of 0.67 to 1.0. 

[0009] The Mg content is preferably in a range of 0.5 - 0.7 wt.%. in which range the strengtii is optimised, in particular 
ss when used in combination with a Si content in a range of 0.4 - 0.7 wt.%. A Mg content below 0.3 wt.% does not provide 
sufficient strengtii in the component obtained from tiie alloy of the invention. 

[001 0] In another entxxJiment the alloy in accordance witii tiie invention the Si content is in a range of 0.5 - 0.6 
wt % and the Mg content Is a range off 0.4 - 0.7 wt% and more preferably tiie Mg content Is in a range of 0.45 - 0.55 
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are corrtpa- 



minium alloy for the aJuf.cture'J ^i^l, prc^Ss we e ZT^^T ""f!'''! 
impKved by the addition of vanadium. The ISuTaltorcc^Lro n^^ o n f^V"* 

equal to Va to 2/3 of the iron concentrafion. *° * ^* "«Wese m a concentration 

[0012] Cu should be not more than 0 3 wt % fiiiouoicahn.,.. no. ^o, • 
of products made of the alloy of the inveSoa ^^^^ 
' [001 3] Cr improves the corrosion resistance of the allov Howevm- fv i«r^ -^i w-, .. ^ . 

the extrudibility of the aluminium alloy. Therefor to avoid^Z!!^ ^"^ '"^^^e^ reduces 

bility. the Cr content must not be m<J e V^ot'y^i^ttT I ^'"^"^^ ^"^ *° capa- 

than 0.06 wt.%. ^" "^^^ than 0.1 wt.%. arxl more prelerabfy rwt more 

JCKH4] ^"-on^cleredtobeanimpurHy^ememandcanbeto.erated^,foo.2wt%.butlspre,e^ 

airri::.rrr;rdi^ 



(a) casting the alloy irrto ingots; 

(b) homogenising the cast ingot; 

hot-working in the homogenised ingot into a product- 
(d) ageing of the product. 



^^LeTTtSSiS^tlt;^^^^^^^^ ^ s^W-cc^ casino 

the aluminium alloy is significantiy'.rl^sHte t^^r^^^^^^ <^ billed 

atjtojrtedtothe increased Mncoimoverthe^S^^^^ The reduced crack sensitivity is mainly 

Sfo'^mri^er^^^^^ 

the casting process, and to spheroidize sharp Sto^^^ 

the aluminium alloy. A homcjenisatfon fi sS)^^ in «T '"^T ^'"^ during solidification of 

tenperature of Z aluZTS^s s«^'lVZ'''*^ 

required and only serves to raise Z p^^^' PrlTer^rT " ""^ but is nc? 

perature range of 580 to just betow the ^^^u^^^u ^ -^""^ '.f ^ 8-20 hours in a tem- 

enised for 8-16 hours in a temperSSrTWerSSS?^^^^ 

temperature is advanteaous ft^ot-worWng the altov^^L^ 1^1 " such a high homogenisaS, 

be both thin walled or thick veiled. In S^s rSa!^^ Sai^l*!j^ T ^'^^^ can 

tively high Mn-content. Further due to the r^Xl to^SSSS^ maintained despite of the rela- 

funy recrystalfeed microstrucir ^ ''"^ 

Srpr;S^SCcL'.^HS.:?^^^^ 

characterised by the ingot or extri«ton SeJ^^rSlS w Mroforming. The invention is preferably 

director indirect extrusiSn^mayWS^ ^tmSer^^^^^^ P^"^^- "h^"^'" ^^^^ 

::§tItor''^'""*^^^"*^-^°''^ 

ri^Ls^ardit^s^biti^^^^ 
sr^^riCr^nre^^^i;^^^^^^ 

ing Hfor 0.5 - 3 hours in a temperature range 61 AO^'c^^^ZZ V'^'^f^'- ^"oy 'S heat treated by keep- 
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0.5 - 1.5 hours in a temperature range of 400 - 560 "^C. Immediately after the solution heat treatment the alloy is pref- 
erably cooled to under 100 **C, preferably by means off quenching in water, in order to minimise urKX>ntrofied precipita- 
tion. ^ 

[0024] In a following step, the material is aged to the desired level of mechanical and physical properties. The ageing 
step can be performed by means of natural ageing or artif icial ageing by 6-30 hours annealing in a temperature range 
of 130-180 ''C. This annealing preferably takes place for 8 - 12 hours in a temperature range of 160 - 180 ^C. after which 
cooling to room temperature takes place via cooling to the air. 

[0025] After the conplete heat treatment cyde. the material can be processed into products off many kinds. The alu- 
minium alloy is preferably suitable for application to components which, amongst other things, require a high capacity 
for absorbing kinetic energy by plastic deformation, such as components suitable for application In railway vehicles. The 
aluminium aBoy is further suitable to be applied in welded constructions, in particular in vehicle conslmclions. Furfter 
the aluminium alloy is suitable to be applied in hydrofbrmed structures. 

[0026] The invention is now illustrated by some examples, which do not limit the scope of the invention. 
Examples 

[0027] Table 1 lists the chemical composition in weight percent of some comparative materials (alleys 1 - 3) and alloys 
which fail within the scope of the invention (alloys 4-5). These alloys were processed by the steps of 

(0 DC-casting of 344 mm diameter extrusion billets; 

(ii) homogenisation, see Table 2; 

(iii) extrusion at 480 ^'C; 

(iv) press-quench; 

(v) ageing for 9 hours at 160 

[0028] Table 2 lists the homogenisatfon treatment applied for each altoy. The billets were extruded to the following 
shapes: 

(a) T-shaped profile with a wall-thickness of 20 mm; 

(b) fl^ultiholfow-section with wall-thickness between 2.5 and 4.0 mm. 

[0029] All results (miaostructures. mechanical properties) on front end. middle, and back end on each investigated 
extruded products off every type of alloy showed in the extmsion direction, only very small variattons and therefbre a fur- 
ther differentiation within one variant was not necessary. The foltowing results are in each and every case mean values 
out of the different parts of the material. 

[0030] The microstructure In the T-shaped thick walled extrusion product (a) showed in case of alley 1 a non-reays- 
tallized center and a layer off coarse grains with a diameter of about 1 mm at the surface. Alloy 4 showed a non-reays- 
tallized center, and a layer with a thickness off 3-4 mm off coarse grains near the surface. Altoy 5 showed across the 
whole cross-sectfon of the product a fully recrystallised microstructure with uniform fine grains. The microstructure off 
alloy 2 was very similar to the microstructure off alloy 4. The same applied for altoy 3 and alloy 5. 
[0031] The microstructure in the multlhollow profile (b) showed in case off alloy 1 a confoination off small and coarse 
grains and also some non-reaystallized sections. Altoy 4 showed a fully reaystallized microstructu-e and large differ- 
ences in the grain size. Alloy 5 showed a fully reaystallized microstructure and a more unitorm grain size than with alloy 
4. The microstructure off altoy 2 was very similar to the microstructure off altoy 4. The same applied lor alloy 3 and alloy 5. 
[0032] Table 3 lists the results of the testing for mechanical properties, where Rm is the ultimate tensile strength. Rp 
0.2 is the 0.2 % yield strength and A is the elongation at fracture (A5 in accordance with German standards) 
[0033] From Tat)le 3 it can be seen that an increase of the Mn content to above 0.1 5 % has a significant effect on tiie 
ductility of the extruded product. For the T-shaped thick walled extrusions it has to mentioned that the specimens for 
tensile testing have been taken out of the centre of the profiles (10 mm diameter specimens) and therefore show in the 
case off alloy 1 .2 and 4 an Increase in the tensile properties due to the non-recrystallized parts present in the centre. It 
has to be considered however, that tiie mechanical values show signif icant differences in thickness direction across tiie 
shape. The values in the center part - as presented in table - are quite high for alloys 1 ,2 and 4. This is due to the pos- 
itive effect of testing the not reaistallized zones. The properties close to the surface in the recistallized parts are con- 
siderably lower in these cases. Alloys 3 and 5 as fully recistallized extrusions are showing tiie most consistent 
behavtour. 

[0034] Table 4 lists the mechanical properties of the extruded profiles after welding using a fully automatic MIG-device 
and AIMg4.5Mn2r filler wire witii a thickness of 1 .6 mm. The T-shaped profiles (a) have 6 layers and tine weld bead over- 
fill was removed prior to testing. The mUti-hollow profiles (b) have 1 layer (at wall thickness of 4 mm) and the weW bead 
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Table 2 



Alloy 


Homogenisation 


1 


10 hours at 565 °C 


2 


10 hours at 565 **C 


3 


10 hours at 600 


4 


10 hours at 565 ""C 


5 


10 hours at 600 **C 



Tables 



Alloy 

1 
2 


T- 

Rm [MPa] 
335 
329 


Shaped section 
Rp 0.2 [MPa] 

296 


At%] 
17 
17 


Ml 
Rm [MPa] 
277 
284 


iiti-hollow section 
Rp 0.2 [MPa] 
251 
247 


A[%] 
7 
10 


3 


289 


256 


18 


287 


250 


10 


4 

' i 


322 
278 


287 
244 


17 
19 


280 
279 


243 
241 


11 
11 



Table 4 



Alloy 


T- 


shaped section 


Multi-hollow section 




Rm [MPa] 


Rp 0.2 [MPa] 


A[%] 


Rm [MPa] 


Rp 0.2 [MPa] 


A[%] 


1 
4 


228 
215 


162 
153 


4.5 
4.0 


164 
168 


130 
129 


3.5 
3.9 
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Table4(oonlinued) 



Alloy 


T-shaped section 


MuW-hollcw section 




Rm [MPa] 


RpO.2 [MPa] 


At%] 


Rm [MPa] 


Rp 0.2 [MPa] 


A[%] 


5 


211 


1^ 


5.1 


201 


142 


4.5 



Claims 

1 . An AlMgSi-alloy suitaWe for manufacturing components having a high ductility, characterised in that the alloy con- 
tains, In wt.%: 

Mg 0.3-1.0 

Si 0.3-1.2 
Fe max. 0.35 
Mn > 0.15 -0.4 
V| 0.05-0.20 
Ci max. 0.3 
Cr max. 0.2 
Zn max. 0.2 
Ti max. 0.1 

impurities max. 0.05 % each, total max. 0.15 %, balance aluminium. 

2. An AIMgSi-allpy in accordance with claim 1 , characterised in that the Mn content is in a range of > 0.1 5 - 0.30 wt.%. 

3. An AIMgSi-alloy in accordance with daim 1 or 2, characterised in that the Mg content is in a range of 0.5 - 0.7 wt%. 

4. An AIMgSi-alloy in accordance with any one of claims 1 to 3, characterised in that the Si content is in a rapge of 0.4 
-0.7 wt.%. 

5. An AIMgSi-alloy in accordance with claim 1 or 2, characterised in that the Si content is In a range of 0.5 - 0.6 wL% 
and the Mg content is In a range of 0.4 - 0.7 wt.%. 

6. An AlMgSi-alloy in accordance wrth claim 5, characterised in that the content is in a range of 0.45 - 0.55 wt.%. 

7. Method of producing a product of an AIMgSi-alloy in accordance with any one of claims 1 to 6. characterised in that 
the method comprises the steps off: 

(a) casting the alloy into ingots; 

(b) honrK)genising the cast ingot; 

(c) hot-working in the homogenised ingot into a product; 

(d) ageing of the product. 

8- Method in accordance with daim 7, characterised in that hot-working comprises extrusion. 

9. Method in accordance with claim 7 or 8, characterised in that homogenising comprises holding the cast ingot for 8 
- 30 hours in a temperature range of 530 X to just below melting temperature of the alloy. 

10. Method in accordance wHh claim 8. characterised in that homogenising comprises holding the cast ingot for 8 - 20 
' hours in a temperature range of 580 X to just below melting temperature of the alloy. 

11. Method in accadance with daim 10. characterised in that homogenising comprises hokJing the cast ingot for 8 - 
16 hours in a temperature range of 590 - 605 **C. 

12. Use of a corrponent made from the AIMgSi-alloy in accordance with any one of daims 1 to 6 or obtained from the 
method in accadance with any one of daims 7 to 1 1 in a railway vehicle. 



EP09%278A1 

13. Welded structure comprising at least one welded plate or extrusion 



according to any one of claims 1 to 7. " " ^ a'u'n'nium-magneslum-silicon alloy 

med structure corrprising a a „ 
obtained from the method in accordance vrth ^ onV^Si"" to 



10 
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